Central sensitization, caused either by tissue inflammation or peripheral nerve injury, plays an important role in persistent pain. An animal model of capsaicin-induced pain has well-defined peripheral and central sensitization components, thus is useful for studying the analgesic effect on two separate components. The focus of this study is to examine the analgesic effects of electroacupuncture (EA) on capsaicin-induced secondary hyperalgesia, which represents central sensitization. Capsaicin (0.1%, 20 ll) was injected into the plantar side of the left hind paw, and foot withdrawal thresholds in response to von Frey stimuli (mechanical sensitivity) were determined for both primary and secondary hyperalgesia in rats. EA (2 Hz, 3 mA) was applied to various pairs of acupoints, GB30-GB34, BL40-BL60, GV2-GV6, LI3-LI6 and SI3-TE8, for 30 min under isoflurane anesthesia and then the effect of EA on mechanical sensitivity of paw was determined. EA applied to the ipsilateral SI3-TE8, but to none of the other acupoints, significantly reduced capsaicin-induced secondary hyperalgesia but not primary hyperalgesia. EA analgesic effect was inhibited by a systemic non-specific opioid receptor (OR) antagonist or an intrathecal l-or d-OR antagonist. EA analgesic effect was not affected by an intrathecal j-OR antagonist or systemic adrenergic receptor antagonist. This study demonstrates that EA produces a stimulation point-specific analgesic effect on capsaicin-induced secondary hyperalgesia (central sensitization), mediated by activating endogenous spinal l-and d-opioid receptors.
Introduction
The use of acupuncture as an alternative approach for the management of persistent pain is receiving increasing recognition in pain clinics because conventional treatments for persistent pain are often unsuccessful and frequently cause side effects [42, 58] . In spite of laboratory evidence of acupuncture analgesia in persistent pain in animals and the widespread use of acupuncture at pain clinics, the results from controlled clinical studies are still highly contradictory [14, 50] . On the other hand, animal experiments have shown that electroacupuncture (EA) is very effective in ankle sprain pain and chronic inflammatory pain [20, 28, 63] . Thus, it is important to illuminate the mechanisms of EA analgesia for better understanding of EA effects on persistent pain and the development of mechanism-based treatment paradigms for persistent pain.
Peripheral and/or central sensitization play important roles in the initiation and maintenance of persistent pain, such as inflammatory pain, neuropathic pain, postherpetic neuralgia, referred pain, and postoperative pain [10] . Peripheral sensitization manifests as hyperalgesia in the injured region (primary hyperalgesia), and is characterized by the sensitized nociceptors responding more vigorously to a suprathreshold stimulus, as well as lowered thresholds for activation. On the other hand, central sensitization is responsible for spreading pain and hyperalgesia to uninjured tissue (secondary hyperalgesia), and is involved in pain-transmission neurons in the central nervous system (CNS), often in the dorsal horn of the spinal cord. Since the degree of contribution of peripheral and central sensitization varies in different pain conditions, any therapeutic interventions, including acupuncture, should examine the effectiveness for each component in any given persistent pain.
The capsaicin-induced hyperalgesia is an attractive animal model for studying the mechanisms of persistent pain. The reason is that pain produced by capsaicin, a pungent agent found in the chili pepper, has well-defined peripheral and central sensitization components that are manifested as primary and secondary hyperalgesia, respectively [11] . Primary hyperalgesia, occurring at the capsaicin-injection site, is explained by peripheral sensitization. The secondary hyperalgesia, which develops in the surrounding region not directly affected by capsaicin, is due to central
